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57 ABSTRACT 
Apparatus for decoding an error detecting or correct 
ing code constructed from digital information data and 
redundant data for detecting or correcting errors in the 
digital information data, the digital information data 
and redundant data being reproduced from a record 
medium by a playback apparatus that operates in a nor 
mal speed mode and fast and slow speed modes, in 
cludes a first decoder for decoding the error detecting 
or correcting code and for generating flag data indicat 
ing error conditions of the digital information data, a 
first memory for storing the digital information data 
subjected to the decoding in the first decoder, and a 
second memory for storing flag data. A controller is 
provided with a mode signal indicating a normal play 
back mode or a fast playback mode of the record me 
dium playback apparatus for controlling the first and 
second memories so as to read out the digital informa 
tion data and flag data, respectively, when the mode 
signal indicates the normal reproducing mode and so as 
to read out the digital information data without error 
and the flag data, respectively, when the mode signal 
indicates the fast reproducing mode. 

8 Claims, 15 Drawing Sheets 
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APPARATUS FOR DECODENGERROR 
CORRECTING CODE 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The present invention relates to an apparatus for 

correcting errors of digital data and, more particularly, 
to an error correcting apparatus suitable for use in the 
reproducing section of a digital video tape recorder. 

2. Description of the Background 
There are now known video tape recorders for digi 

tally recording/reproducing a video signal (hereinafter 
simply referred to as digital VTR) in which investiga 
tions have been made relating to use of the product 
code as an error correction code that would be effective 
for correcting burst errors, which are due to signal 
dropout caused by tape defects or the like. This product 
code involves manipulation of the data arranged as the 
inner code in the lateral or horizontal direction and the 20 
outer code in the vertical direction for data arranged 
two-dimensionally. This is, of course, an abstract con 
cept and the data is not physically arranged two dimen 
sionally, only the addresses are based on a two-dimen 
sional array. Inner and outer are used in place of verti- 25 
cal and horizontal because they make the concepts in 
volved easier to visualize. 

In the recording system of a digital VTR that uses the 
product code for error correction, the outer code is 
encoded with respect to the input digital video signal 30 
consisting of data symbols, which are obtained by ana 
log-to-digital (A/D) converting an input analog video 
signal. Next, the inner code is encoded with regard to 
the input data symbols and the parity symbols of the 
outer code. 35 

Further, those symbols are shuffled, and the input 
digital video signal is recorded on a magnetic tape by 
rotary heads in the shuffled state. Therefore, each sym 
bol of the digital video data is effectively encoded 
twice, based on both the outer code and the inner code. 40 
A code that may be used as the outer and inner codes 

is the Reed-Solomon code, for example, in which two 
parity symbols are reproduced for every respective 
error correction code block. With this Reed-Solomon 
code, a one-symbol error in a code block can be cor- 45 
rected and the two-symbol error can be erasure cor 
rected. 

In the reproducing system of a digital VTR, the digi 
tal signal reproduced from the magnetic tape by the 
rotary heads is first decoded by an inner code decoder 50 
and, because the time sequence of the reproduced data 
coincides with the sequence of the data series of the 
inner code, there is no need to rearrange the data in this 
decoder of the inner code. 
The reproduced data whose errors were corrected by 55 

the inner code decoder is then supplied to the rear 
rangement circuit or shuffling circuit, in which the time 
sequence of the data is converted into the sequence of 
the outer code and further decoded by the decoder of 
the outer code, when in the standard reproducing 60 
mode. More specifically, (m+2) symbols at the respec 
tive first positions are selected from the respective 
blocks of the inner codes, which are located in the verti 
cal direction in the inner code blocks, for example, the 
inner code blocks of 1, 1), 2, 1), . . . , (m+1), 1), and 65 
(m+2), 1). These (m--2) symbols are supplied to a 
syndrome producing circuit of the outer code decoder, 
so that the syndromes of the blocks of the outer code 

O 

2 
are produced. In a manner similar to the inner codes, 
the data is rearranged and (m+2) symbols at the respec 
tive last (ith) positions are selected from the respective 
blocks of the inner codes of 1, n), 2, n), ..., (m+1), 
n), and 

(m+2), n), so that the syndromes of the outer code 
blocks are produced. 
The rearrangement circuit to execute the foregoing 

data rearrangement comprises a memory that must have 
a memory capacity that is sufficient to completely store 
all of the blocks nX(m+2) of the inner codes. 
The decoder of the outer code is constituted by the 

syndrome producing circuit, a correction operation 
circuit, a data delay circuit, and an error correcting 
circuit. The syndromes of the outer code, are calculated 
by the syndrome producing circuit. Two syndromes are 
produced in the case of using the Reed-Solomon code 
of two parity symbols in the outer code block, and the 
sizes of the errors are calculated. An output of the cor 
rection operating circuit and the output data of the data 
delay circuit are supplied to the error correcting circuit. 
The resultant error is modulo-2 added at the position of 
the error symbol in the reproduced data from the data 
delay circuit, and the requisite error correction is car 
ried out. The data delay circuit is used for phase match 
ing between the output of the correction operating 
circuit and the reproduced data and provides the delay 
amount of (m+2) symbols. 
Thus, the digital data output, which was respectively 

subjected to the error correcting processes using the 
inner code and outer code, is obtained from the decoder * 
of the outer code. 

In the variable speed reproducing mode, such as the 
high-speed reproducing mode, low-speed reproducing 
mode, still mode, or the like, the angle of inclination of 
the tracks formed on the magnetic tape does not coin 
cide with the angle of inclination of the scan track of the 
rotary heads, so that the data is intermittently repro 
duced. Therefore, all of the data that forms the code 
block of the outer code can not be obtained in these 
nonstandard reproduction modes. Thus, in such known 
systems the data is transferred by bypassing the decoder 
of the outer code and the outer code is not decoded. 
Only that data, which was determined to have no error, 
based only on the inner code is written into a buffer 
memory having a large capacity, for example, a mem 
ory capacity large enough to store the digital data of 
three complete fields. 
The data writing operation into the buffer memory is 

executed in accordance with the block addresses added 
for every two inner code blocks, and the data of the 
same field that is among the data that was intermittently 
stored is collectively outputted from the buffer mem 
ory. 
The output data read out from the buffer memory is 

then supplied to the rearranging or deshuffling circuit, 
in order to return the sequence of the data series to the 
original sequence. More specifically, the deshuffling 
circuit performs data rearrangement exactly opposite to 
that of the shuffling circuit provided in the recording 
circuit. By recording the data in the shuffled state and 
then deshuffling the data upon reproduction the con 
centration of errors to one location is prevented. The 
memory capacity of the deshuffling circuit is deter 
mined in correspondence to the length of unit of the 
shuffling that was performed. 

-'ve everg 
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The output of the deshuffling circuit is supplied to an 
error concealment circuit to conceal errors that can not 
be corrected. The error concealment circuit interpolate 
the erroneous sampling data by using the correct sam 
pling data located around this error sampling data. An 
output of the error concealment circuit is supplied to a 
digital-to-analog (D/A) converter and the reproduced 
analog video signal is obtained from its output terminal. 
The above-mentioned conventional apparatus for 

decoding the error correction code has several draw 
backs, one of which is that a memory having an ex 
tremely large capacity is needed for the rearrangement 
from the inner code sequence to the outer code se 
quence in the outer code decoder. In addition, a mem 
ory of capacity corresponding to the unit length of the 
shuffling operation is also necessary in the deshuffling 
circuit. 

In the slow-motion reproducing operation, in particu 
lar in the variable speed reproducing operations, the 
data of one complete unit of the product code is not 
quite reproduced for the interval of a plurality of fields. 
However, the conventional decoding apparatus cannot 
decode the outer code in such a slow-motion reproduc 
ing operation. 

Furthermore, since intermittent data is reproduced in 
the variable speed reproducing mode, in the case where 
the current reproduced data is written into the buffer 
memory and this data is then read out, the data which 
has already been read out frequently remains in the 
buffer memory without being updated, and such old 
data causes the reproduced picture quality to deterio 
rate. 
To avoid this problem, a flag memory is provided 

with the same address as that supplied to the buffer 
memory and after the data has been read out from the 
buffer memory, an error flag indicative of old data is 
immediately written into the address of the flag mem 
ory read out. This error flag is used to distinguish the 
reproduced new-data (New) from the reproduced old 
data (Old) and referred to as a New/Old (N/O) flag. 
Among the data read out from the buffer memory, the 
data that has been determined to be the old-data (Old) 
by the N/O flag is concealed by the error concealment 
circuit in the following stage. 
On the other hand, even when considering such a 

system in which a buffer memory is arranged between 
the decoder of the inner code and the decoder of the 
outer code there is also at least the following drawback. 
As in the conventional apparatus, if writing data into 
the buffer memory is inhibited when the error data 
remains, as the result of the decoding of the inner code, 
even in the case where only a part of the data in the 
code block of the inner code is error data, the whole 
code block is not written, so that the error correcting 
capability of the outer code cannot be sufficiently used. 

In the digital VTR of the segment system, for exam 
ple, assuming that the reproducing speed of the tape is 
3 of the recording speed of the tape, a period of time 
which is twice as long as the ordinary reproducing 
mode is required to reproduce the video data of one 
field. The time period for writing the data into a field 
memory of the buffer memory is also twice as long as 
that in the ordinary writing mode. Therefore, it is im 
possible to read out and use the video data from this 
field memory, so the old data of one field that was 
written in the other field memory is read out twice. In 
this manner, in the case of repeatedly reading out the 
data from the buffer memory for two fields, the conven 
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4. 
tional N/O flag indicates that all of the readout data is 
the old data with respect to the video data read out the 
second time. Consequently, all of the video data of one 
field read out at the second time must be error cor 
rected. Such error correction is obviously impossible, 
and the conventional method of forming the N/O flag is 
very inconvenient in the slow motion reproducing op 
eration of the digital VTR. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Accordingly, it is an object of the present invention 
to provide apparatus for decoding an error correction 
code that can eliminate the above-mentioned defects 
inherent in known systems. 
Another object of the invention is to provide appara 

tus for decoding an error correction code, in which the 
memory capacity is reduced and the scale of the hard 
ware is reduced relative to systems known heretofore. 
A further object of this invention is to provide an 

apparatus for decoding an error correction code, in 
which the correcting capability of the error correction 
code can be effectively used. 
A still further object of this invention is to provide 

apparatus for decoding an error correction code, in 
which the correction capability of the outer code in the 
product code can be effectively used, and the error 
correcting capability can be improved. 

Still another object of this invention is to provide 
apparatus for decoding an error correction code, in 
which the error correcting capability can be effectively 
used and the error correcting capability can be in 
proved in the ordinary reproducing mode or variable 
speed reproducing mode. 
Another object of this invention is to provide appara 

tus for decoding an error correction code, in which the 
error correcting capability can be effectively used, par 
ticularly, in the slow motion reproducing mode. 

Still another object of the invention is to provide 
apparatus for decoding an error correction code, in 
which the outer code can be decoded, particularly, in 
the slow motion reproducing mode. 

In accordance with an aspect of the present inven 
tion, there is provided apparatus for decoding an error 
correction code which is constructed from digital infor 
mation data and redundant data for detecting or cor 
recting errors in the digital information data, the digital 
information data and redundant data being reproduced 
from a record medium by a playback apparatus that can 
operate at a normal playback speed and at varied play 
back speeds, such as fast or slow. This apparatus com 
prises an input circuit for receiving the digital informa 
tion data and the redundant data, a first decoder for 
decoding the error detecting or correcting code and for 
generating flag data indicating error conditions of the 
digital information data, a first memory for storing the 
digital information data subjected to the decoding in the 
first decoder, a second memory for storing the flag data, 
and a control system provided with a modesignal indi 
cating a normal reproducing node or a fast reproducing 
mode of the record medium playback apparatus for 
controlling the first and second memories so as to have 
written therein the digital information data and the flag 
data, respectively, when the mode signal indicates the 
normal reproducing mode and so as to have written 
therein the digital information data without error and 
the flag data, respectively, when the mode signal indi 
cates the fast reproducing mode, for example. 
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In addition, the error detecting or correcting code 
constructed from the digital information data is, ar 
ranged in a matrix form, such that first redundant data 
forms a first error detecting or correcting code for 
detecting or correcting errors of a first series of the 5 
digital information data in a first direction of the matrix, 
second redundant data forms a second error detecting 
or correcting code for detecting or correcting errors of 
a second series of the digital information data in a sec 
ond direction of the matrix, the digital information data, 
first redundant data and second redundant data are 
reproduced from the record medium by the record 
medium playback apparatus, the first decoding means 
decodes the second error detecting or correcting code, 
and the first memory means stores the digital informa 
tion data and first redundant data subjected to the de 
coding in the first decoding means for outputting the 
digital information data and first redundant data ar 
ranged in the first series of the first error detecting or 
correcting code. A second decoder is also provided 
with the digital information data and first redundant 
data from the first memory for decoding the first error 
detecting or correcting code. 
The above and other objects, features and advantages 25 

of the present invention will become apparent from the 
following detailed description of illustrative embodi 
ments thereof to be read in conjunction with the accom 
panying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is schematic in block diagram form of a re 
cording apparatus of a digital VTR to which apparatus 
for decoding an error correction code according to the 
present invention is applicable; 35 
FIG. 2 is a representation of a format of an error 

correction code used in a digital VTR to which appara 
tus for decoding an error correction code according to 
this invention is applicable; 
FIG. 3 is a representation of a format of an error 40 

correction code used in a digital VTR to which appara 
tus for decoding an error correction code according to 
this invention is applicable; 
FIG. 4 is a representation of the format of the re 

corded data in a digital VTR to which apparatus for 45 
decoding an error correction code according to this 
invention is applicable; 
FIG. 5 is a representation showing the track pattern 

in a digital VTR to which apparatus for decoding an 
error correction code according to this invention is 
applicable; 

FIG. 6 is a schematic in block diagram form of a 
reproducing apparatus in a digital VTR to which appa 
ratus for decoding an error correction code according 
to this invention is applicable; 
FIG. 7 is a schematic in block diagram form showing 

in detail an embodiment of a buffer memory provided in 
the reproducing apparatus in the digital VTR of FIG. 6; 
FIG. 8 is a schematic in block diagram form of an 60 

embodiment of an address generating circuit of the 
buffer memory shown in FIG. 7; 

FIG. 9 is a schematic in block diagram form of an 
embodiment of an address generating circuit of the 
buffer memory shown in FIG. 7; 65 

FIG. 10 is a schematic in block diagram form of an 
embodiment of an address generating circuit of the 
buffer memory shown in FIG. 7; 
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FIG. 11 is a schematic in block diagram form of an 

other embodiment of a buffer memory provided in the 
reproducing apparatus in the digital VTR of FIG. 6; 
FIG. 12 is a three-dimensional representation useful 

for explaining the input sequence of video data into the 
buffer memory provided in the recording apparatus in 
the digital VTR of FIG. 6; 

FIG. 13 is a three-dimensional representation useful 
for explaining in more detail the input sequence of video 
data into the buffer memory; 

FIG. 14 is a three-dimensional representation useful 
for explaining in more detail the input sequence of video 
data into the buffer memory; 
FIG. 15 is a three-dimensional representation useful 

for explaining in more detail the input sequence of video 
data into the buffer memory; 
FIG. 16 is a three-dimensional representation useful 

for explaining the writing and reading operations into 
and from the buffer memory; 

FIG. 17 is a three-dimensional representation useful 
for explaining the writing and reading operations into 
and from the buffer memory; 
FIG. 18 is a diagrammatical representation useful in 

explaining the writing and reading operations relative 
to the buffer memory; 
FIG. 19 is a diagrammatical representation useful in 

explaining the writing and reading operations relative 
to the buffer memory; 

FIG. 20A is a schematic in block diagram form of a 
buffer memory system according to an embodiment of 
this invention; 
FIG.20B is a schematic in block diagram form show 

ing a constitution of a buffer memory system according 
to another embodiment of this invention; and 
FIG. 21 comprises waveforms and time charts, A 

through H, useful in explaining the operations of the 
buffer memories shown in FIGS. 20A and 20B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 an analog video signal is supplied from an 
input terminal 1 to an analog-to-digital (A/D) converter 
2 that forms a digital video signal in which one sample 
is digitized to a word or sample of eight bits. This digital 
video signal is then supplied to an outer code encoder 3. 
The outer code selected to encode the digital video 
signal in outer code encoder 3 may be, for example, the 
(m+2, n) Reed-Solomon code. 
The encoded digital video data from the outer code 

encoder 3 and the parity symbols of the outer code are 
supplied to a shuffling circuit 4. Shuffling circuit 4 
serves to change the sequence of the digital video data 
and thereby to prevent the concentration of errors, even 
when a number of errors are caused, such as in the 
variable speed reproducing modes. The output data of 
shuffling circuit 4 is then supplied to an inner code 
encoder 5. The inner code, selected to encode the shuf 
fled digital video signal in inner code encoder 5, may be 
for example, the (i+2, i) Reed-Solomon code. 
The data output from the encoder 5 is supplied to a 

recording signal output unit 6, which includes a paral 
lel-to-serial (P/S) converter, a recording amplifier, and 
the like. A recording signal from the output of record 
ing unit 6 is fed to rotary heads 7 through a rotary 
transformer (not shown) and the encoded and shuffled 
digital video signal is recorded on a magnetic tape 8. 

In this embodiment, the product code as shown in 
FIG. 2 which has already been proposed is used as the 
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foregoing error correction code. More specifically, the 
outer code is encoded for every m continuous symbols 
(samples) of the digital video data, each consisting of 
eight bits, and two parity symbols are produced. A code 
block of the outer code (BO) is formed by (m-2) sym- 5 
bols and i code blocks BO of the outer code are ar 
ranged in the column direction. The inner code is en 
coded with respect to i symbols which cross a plurality 
of code blocks BO of the outer code, and n inner code 
blocks (BI) each consisting of (i+2) symbols are ar 
ranged in the lateral direction. Thus, a unit of the prod 
uct code is constituted by (m+2)s×n inner code 
blocks B.I. 
FIG.3 represents a practical constitution of the prod 

uct code described in general in FIG. 2, which is ap 
plied to the digital VTR for recording/reproducing the 
component color video data of the (4, 2, 2) system, that 
is, a component system in which the sampling fre 
quency of the luminance data Y is twice as high as the 
sampling frequency of each of the color difference data 
U and V. The block numbers in FIG. 3 denote the 
numbers of the inner code blocks B, and this block of 
product code is composed of a total of 320 inner code 
blocks BI, of which ten inner code blocks BI are ar 
ranged in the lateral direction and thirty-two inner code 25 
blocks BI are arranged in the vertical direction. 
One inner code block BI consists of sixty sampling 

data and parities of the Reed-Solomon code of either 
four or six samples, and one outer code block BO is 
composed of thirty sampling data and two parities of 30 
the Reed-Solomon code. As shown in FIG. 4, a syn 
chronizing signal SYNC and an address AD are added 
in the head of two inner code blocks BI. In FIG. 4, the 
hatched portions indicate the parities. In this fashion, 
one synchronizing block BS is constituted. 
FIG. 5 shows a track pattern consisting of tracks T1, 

T2, ..., T22 formed on magnetic tape 8 by rotary heads 
7, which are configured as two sets, formed of a pair of 
rotary heads A and B and another pair of rotary heads 

- C and D. These sets are respectively arranged at an 40 
rangular separation of 180. In this example, the digital 

audio signal is recorded in the central portion (hatched 
region) of each of the tracks T to T22. Every two of the 
tracks T to T22 are formed in parallel in a single scan of 
the rotary heads. The color video data of fifty horizon- 45 
tal intervals (50H) is recorded in the portion of a track 
that is formed by the latter half interval of the single 
scan of one pair of rotary heads A and B and the former 
half interval of the single scan of another pair of rotary 
heads C and D. Thus, in the data of 50 H, the block of 50 
the product code shown in FIG. 2 is formed from the 
data that is recorded/reproduced by one rotary head. 
The video data of the field F is recorded in ten tracks 

from the latter half portion of tracks T1 and T2 to the 
former half portion of tracks T11 and T12. The video 
data of the next field F2 is recorded in the ten tracks 
from the latter half portion of tracks T11 and T12 to the 
former half portion of tracks T21 and T22. Note that 
when a video frame equals approximately 525 lines, 50 
H corresponds roughly to 1/5 of a field. 
Because the luminance data Y of 720 samples and the 

color difference data of U and V, each consisting of 360 
samples, are included in one horizontal interval 1 H, the 
number of samples of one 50 H segment of the data, 
which is recorded and reproduced by one rotary head, 
becomes 
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Further, assuming that a set of four samples of two 
luminance data Y and Y2 and the color difference data 
U and V comprise one sample group, the size of one unit 
of the block of the product code is constituted by ar 
ranging 32 sample groups in the vertical direction and 
150 sample groups in the lateral direction, which results 
in a total of 4800 sample groups consisting of the parity 
data of 300 sample groups and the data of 4500 sample 
groups, in which one segment is reduced to . 
A reproducing circuit is constituted as shown in FIG. 

6, in which the signal reproduced from magnetic tape 8 
by rotary heads 7 is supplied to an input reproducing 
unit 9 through a rotary transformer (not shown). Input 
reproducing unit 9 includes a PLL circuit to reproduce 
a clock synchronized with the reproduced data, a serial 
to-parallel (S/P) converter, a block sync detecting cir 
cuit, an address reproducing circuit, and the like. The 
time sequence of the reproduced data corresponds to 
the time sequence of the inner code and by supplying 
the reproduced data to an inner code decoder 10, the 
inner code is decoded. Inner code decoder 10 executes 
the error correction according to the (i+2, i) Reed 
Solomon code and also detects residual errors. 
The output data of inner code decoder 10 is supplied 

to a buffer memory 11 that is composed of, for example, 
a data buffer memory having a capacity large enough to 
store the data and a flag memory to store error informa 
tion, as will be explained in detail hereinbelow. A one 
bit error flag associated with the decoded output data of 
inner code decoder 11 is stored in the flag memory. This 
error flag can be added by various methods, for exam 
ple, in the ordinary reproducing mode and slow-motion 
reproducing mode the data that is regarded as the error 
data on the basis of the result of the decoding by the 
inner code decoder 10 is stored in the data buffer mem 
ory and, at the same time, the error flag associated with 
this data can be stored in the flag memory. On the other 
hand, in the high-speed reproducing mode the data that 
was determined to be error data by inner code decoder 
10 is not written into the data buffer memory, and when 
the preceding data of the same address is read out, the 
flag representative of the reproduced old-data is set into 
the flag memory as the New/Old (N/O) flag to distin 
guish the reproduced new-data from the reproduced 
old-data. As another example, in both the standard re 
producing and slow-motion reproducing modes the 
data that was decided to be error data by inner code 
decoder 10 is not written into the data buffer memory, 
and the N/O flag of the old-data is set into the flag 
memory. 
The reproduced video data and error flag that are 

outputted from buffer memory 11 are supplied to the 
outer code decoder 12, which executes the decoding 
according to the (m-2, m) Reed-Solomon code. The 
time sequence of the output data from buffer memory 
11 is the outer code sequence. Therefore, there is no 
need to provide a further memory to convert the inner 
code sequence into the outer code sequence for use in 
outer code decoder 12. In decoder 12 the error flag 
including the N/O flag read out of buffer memory 11 is 
handled as error data, and the ordinary error correction 
to correct one-symbol error in the block BO of one 
outer code or the pointer erasure correction using the 
error flag is performed. 
The output data of outer code decoder 12 is supplied 

to an error concealment circuit 13, which interpolates 
the error data that cannot be corrected by the decoder 
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12. The output data from error concealment circuit 13 is 
taken out at an output terminal 15 through a digital-to 
analog (D/A) converter 14. In the high-speed repro 
ducing mode, in which the speed of the magnetic tape 8 
is faster than that during recording, the data constitut 
ing a complete outer code block is not quite obtained, so 
that only the decoding of the inner code is performed 
and the decoding of the outer code is not executed. In 
this case, the error concealment is performed by only 
error concealment circuit 13. 

In FIG. 7, the operating system of buffer memory 11 
is shown, in which the output data of inner code de 
coder 10 is fed in at an input terminal 16 and supplied to 
a sync signal and address extracting circuit 17. As 
shown in FIG. 4, the sync signal and address data, 
which were added for every two inner code blocks BI 
and which were again added when the decoded data is 
outputted from the inner code decoder, are separated 
by extracting circuit 17. The input data from which the 
sync signal and address were removed is supplied to the 
memory 11 through an input terminal 18. The memory 
11 has a capacity of, for example, three fields. The sepa 
rated address data is supplied to a write field control 
circuit 19W and a read field control circuit 19R, and the 
write field and read field in the buffer memory are de 
termined by the control circuits 19W and 19R, respec 
tively. A reproducing mode signal indicative of any one 
of the standard reproducing and high-speed reproduc 
ing modes is supplied at input terminal 20 the write and 
read field control circuits. 

Error correction of the data in the inner code block 
BI is performed by decoder 10 and the error data with 
respect to the data is formed and supplied to a read/- 
write (R/W) control circuit 21. A write clock is input to 
a terminal 21W and a read clock is input to a terminal 
21R and both are supplied to R/W control circuit 21, 
which generates control signals such as a write enable 
signal and the like, to control the reading/writing oper 
ations from and into buffer memory 11. R/W control 
circuit 21 also generates a read/write (R/W) switching 
signal and flag data. R/W control circuit 21 writes the 
flag data into buffer memory 11 through input terminal 
22, and control signals, such as the write enable signal 
and the like, are also supplied to buffer memory 11. The 
R/W switching signal is supplied to a multiplexer 24 for 
switching outputs of a write address (WA) generating 
circuit 23W and a read address (RA) generating circuit 
23R. The write address or read address selected by the 
multiplexer (MPX) 24 becomes the address input of 
buffer memory 11. The data sequence read out of buffer 
memory 11 is fed out at an output terminal 25. 
The write address is determined on the basis of the 

address data separated from the input data sequence and 
when either the address data or the data is error data, 
for instance, this error data is not written into buffer 
memory 11. The read address is such as to form the 
outer code sequence and, at the same time, the deshuf 
fling is executed under the control of the write address 
or read address. 
Some examples of the constitutions of the conversion 

into the outer code sequence and the address control of 
buffer memory 11 for deshuffling are shown in FIGS. 8 
to 10, which illustrate various embodiments of the write 
address generating circuit 23W and read address gener 
ating circuit 23R shown generally in FIG. 7. 
The address generating circuit shown in the embodi 

ment of FIG. 8 controls only the read address, and the 
write address (WA) generating circuit consists of a 
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10 
write address (WA) counter 26W and an operaing cir 
cuit 28W. The WA counter 26W generates the write 
address only the number of times necessary for one sync 
block. The write address, the address of the sync block 
(hereinafter referred to as the sync address) at terminal 
29W, and the field number and segment number data 
from a terminal 30W are supplied to an operating circuit 
28W. The write address is obtained from operating 
circuit 28W at an output terminal 31W. When the buffer 
memory 11 has sufficient memory capacity, it is suffi 
cient for the operating circuit 28W to merely synthesize 
the input address data as the output address. The write 
address serves to write the reproduced data into the 
buffer memory 11 on the basis of the reproduced ad 
dress data. 
The readout side is constituted by a read address 

(RA) counter 26R, a read only memory (ROM) 27R, 
and an operating circuit 28R. The RA counter 26R 
generates the read address in the field (or frame). ROM 
27R converts the output address of RA counter 26R 
into the address for the conversion into the outer code 
sequence and for the deshuffling. The output of ROM 
27R, and the read field number data fed in at a terminal 
30R, are supplied to the operating circuit 28R. The read 
address formed by the operating circuit 28R is available 
at an output terminal 31R. It should be noted that a read 
only memory having a large capacity can be substituted 
for the arrangement consisting of ROM 27R and operat 
ing circuit 28R surrounded by the broken line. 
The address generating circuit shown in FIG. 9 ron 

trols only the write address. More specifically, the out 
put of the WA counter 26W and the sync address fed in 
at terminal 29W are supplied to a ROM 27W for deshuf. 
fling. An output of ROM 27W and the field number and 
segment number data fed in at terminal 30W are sup 
plied to operating circuit 28W. The write address is 
obtained from the operating circuit 28W and fed out at 
output terminal 31W. Once again, a read only memory 
having a large memory capacity could be substituted 
for the arrangement consisting of ROM 27W and oper 
ating circuit 28W surrounded by the broken line. 
On the other hand, in the circuit of FIG. 9 the read 

out side is composed of read address counter 26R and 
operating circuit 28R, which receives the output of the 
RA counter 26R and the field number data fed in at 
terminal 30R, and generates the read address available 
at output terminal 31R. 

FIG. 10 shows an address generating circuit that 
controls both the write address and the read address. 
This embodiment need not be explained in detail, be 
cause in the embodiment of FIG. 9, ROM 27W is pro 
vided on the write side and ROM 27R is provided on 
the readoutside. Thus, the address conversion which is 
executed by one ROM is distributively executed by the 
ROMs. 27W and 27R. 
When the processing speed of buffer memory 11 is 

lower than the data rate, the memory needs to be made 
operative in parallel. FIG. 11 shows an arrangement of 
buffer memory 11 suitable for performing parallel oper 
ations, in which memory 11 is divided into N parallel 
channels. More specifically, buffer memory 11 is di 
vided into N parallel channels composed of N memory 
chips 111 to 11 N' and N address generating circuits 231' 
to 23N are provided for the memory chips 111" to 11N, 
respectively. The memory control signals, such as the 
write enable signal and the like, are supplied in common 
from an input terminal 32 to memory chips 111" to 11N'. 
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The respective input data of memory chips 111" to 
11N are supplied from a serial (-)parallel (SPS) con 
verter 33. The SPS converter 33 is controlled by a 
control circuit 34 and converts the reproduced serial 
data fed in at terminal 18 into parallel data, thereby 
reducing the data rate to 1/N. The respective output 
data of the memory chips 111 to 11N are supplied back 
to SPS converter 33, wherein they are converted back 
into the serial data. Thus, the deshuffled output data 
which was converted into the outer code sequence is 
made available at the output terminal 25. 

In the case of handling color video data, it is gener 
ally necessary to use a buffer memory having a parallel 
processor circuit arrangement, as shown in FIG. 11. In 
terms of the data rate, however, the parallel constitution 
generally needs a plurality of address generating cir 
cuits 23 to 23N, so that the control of these address 
generating circuits becomes complicated. The problems 
which are caused when such a constitution for the par 
allel operations of the memory is used, and the methods 
that can solve the problems, are described hereinbelow. 

In order to aid the understanding of the shuffling and 
deshuffling operations, an explanation is set forth with 
reference to FIG. 12, with regard to how the data is 
input into and read out from the buffer memory of 
shuffling circuit 4 during the recording operation. 
The 4800 sample groups that are recorded by one 

rotary head are shown in FIG. 12 in accordance with 
the input sequence. In one sample group, as represented 
in three-dimensions in FIG. 12, one luminance data Y1 

- is arranged at the lowermost front position, and the 
color difference data U and V and the other luminance 
data Y2 are sequentially arranged proceeding in the 
depth direction. Alternatively, these data can be ar 
ranged in accordance with the sequence U, Yl, V, and 
Y2. 

In FIG. 12, the data is sequentially written into the 
buffer memory as indicated by the arrows from the start 

... point ST which coincides with the sampling data at the 
... left end at the frontmost position of the first sample 
group. More specifically, the data is sequentially writ 

"...ten into the buffer memory from the first sample group, 
the second sample group, the third sample group, . . . , 
until the data of the last 4800th sample group is finally 
written into the buffer memory. Upon completing the 
writing operation into the buffer memory, the shuffling 
operation may be also executed with respect to the 
direction of the outer code sequence. 
The reading operation of the data from the buffer 

memory of the shuffling circuit 4 is described with 
reference to FIG. 13, because it is in this reading opera 
tion that the shuffling process is carried out. 
FIG. 13 shows the recording sequence of the input 

data, in which (l=1,2,..., 150) indicates the numbers 
of the columns for every four outer code blocks with 
regard to Y1, U, V, and Y2. The number added for each 
sample group denotes the number I of the inner code 
block into which the sample group is written. In the 
shuffling process, 150 sample groups located along 
every line in FIG. 13 are rearranged to form ten inner 
code blocks, each consisting of fifteen sample groups. 
The shuffling process based on the same rule is per 
formed with respect to each row and, from the sampling 
data shown in FIG. 12, a total of 320 inner code blocks 
BI of (I= 1 to 320) are formed, as shown in FIG. 3. 

In this shuffling process, with respect to l, a total of 
fifteen sample groups, which are arranged at regular 
intervals of every ten sample groups from the oth sam 
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12 
ple group as the start sample group, are selected. 
Namely, the oth, (o--10)th, (o--20)th, (o--30)th, - - -, 
(o-130)th, and (o-- 140)th sample groups are selected. 
The selected sample groups are supplied to inner code 
encoder 5 and one inner code block is formed. For 
instance, with respect to the first sample group, the 
sample groups of the numbers (o= 1, 6, 2, 7, 3, 8, 4, 9, 5, 
10) with regard to the number 1 become the respective 
first sample groups of (I = 1 to 10) of the inner code 
blocks. 
The data is recorded in accordance with the sequence 

from (I = 1) of the inner code block to (I =2), (I =3), . 
., (I=320) and every adjacent two blocks constitute 

the sync block, and the data of (4X 15X2 = 120 samples) 
is included in the sync block. In FIG. 13, the example in 
which one outer code block BO was separated is illus 
trated. As shown in this example, the outer code block 
BO is formed for every 32 samples arranged in the 
vertical direction. 
FIG. 14 shows the data arrangement in FIG. 13 with 

regard to rotary head A, and, since the data arrange 
ments of the other three rotary heads B, C, and D are 
similar to that of FIG. 13, they are not shown therein. In 
FIG. 14, the numbers o of the first sample groups indi 
cating the reading sequence as the inner code block are 
shown in the lateral direction. More specifically, FIG. 
14 shows the composition of the data arranged in accor 
dance with the sequence of the inner code block num 
bers, that is, the sequence as it appears after completion 
of the shuffling process. The data of 4800 sample groups 
included in the data arrangement is lecorded in accor 
dance with the sequence of CY1-U-V->Y2) of each 
of fifteen sample groups of (I = 1)-(Y1-U-V-Y2) 
of each of fifteen sample groups of (I =2). A pair of 
rotary heads A and B and a pair of rotary heads C and 
D record the parallel data, respectively. 
FIG. 15 shows an enlarged diagram of the portion 

surrounded by the heavy solid line on the leftmost side 
in FIG. 14, which shows the portion in which a total of 
thirty-two inner code blocks of (I= 1, 11, 21 ---, 311) 
were piled. In FIG. 15, the sampling data of the inner 
code block of (I = 1) is recorded in accordance with the 
sequence indicated by the arrows. 

In buffer memory 11 of the reproducing circuit, a 
deshuffling process opposite to the shuffling process is 
executed each time the reproduced data is output from 
each rotary head. When buffer memory 11 has the par 
allel processing embodiment using the SPS converter 
33, as shown in FIG. 11, the data cannot be simulta 
neously read out in parallel from the same memory 
chip. Therefore, if the data is not distributed into the 
respective memory chips upon writing, there will be 
caused an inconvenience such that the inner code se 
quence cannot be converted into the outer code se 
quence. The writing process in the embodiment where 
the parallel number N of buffer memory 11 is six will be 
described hereinbelow. 
The writing operation into six memory chips is car 

ried out in principle in accordance with the data repro 
ducing sequence based on the inner code block numbers 
I, that is, the numbers r in FIG. 16. However, because 
the sampling data equal to the integer times the number 
of memory chips is included in the inner code block, if 
the reproduced data is merely converted into the paral 
lel data on a six-sample unit basis and written into the six 
memory chips, the number of chips into which the head 
sampling data Yl of each inner code block is written 
will always be 1. In addition, the data of the same chip 
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number is included in the vertical direction as well. 
Thus, the deshuffling process cannot be performed. 
To prevent this, as represented in FIG. 16, the sam 

pling data of the block number (I = 1) is sequentially 
distributed into six memory chips and in the case where 
the data of the next inner code block is written, two 
chip numbers are skipped and the chip number of the 
sampling data of the head luminance data Y1 of the inner 
code block of (I =2) is set to 3. In a manner similar to 
the above, the above control procedure is likewise exe 
cuted with respect to the inner code blocks (I = 1 to 10) 
of the first row. With regard to the inner code block 
(= 11 to 20) of the second row, the chip number of the 
sampling data of the head luminance data Y of the inner 
code block (I = 11) is set to 2 and a process similar to the 
above is also performed with respect to the inner code 
blocks of (I = 12 and subsequent numbers). 
The chip numbers of the head sampling data Y1 of the 

inner code blocks, which are arranged at the leftmost 
positions of the 3rd, 4th, ..., 32nd rows, are set so as to 
have the cyclic, numbers of the sequence (1, 2, 3, . . . , 
6). In other words, when the data is written into each 
memory chip of buffer memory 11, one chip number is 
skipped in response to the change to the next row. 
FIG. 17 shows a set of thirty-two inner code blocks 

on the leftmost side in FIG. 16 as a unit of the sample 
group. As will be understood from FIGS. 16 and 17, 
because each column in the vertical direction is consti 
tuted by a set of chip numbers (1,2,3,..., 6), when the 
data is read out in the vertical direction, namely, by the 
outer code sequence, it is possible to avoid the impossi 
ble operation to simultaneously write in and read out 
the data from the same memory chip. 
The data is read out from six memory chips in accor 

dance with the outer code sequence. More specifically, 
the data is read out in the vertical direction, in reference 
to FIGS. 16 and 17. In FIG. 16, r indicates the writing 
sequence of the unit of the inner code block and o repre 
sents the reading sequence of the unit of the inner code 
block. 
The reading sequence regarding the chip numbers 

will be more practically explained with reference to 
FIGS. 18 and 19, in which FIG. 18 shows a part of the 
sampling data which is included in the first row of the 
data arrangements of FIGS. 16 and 17 and is read out 
first 
A set of data (r=1, o= 1, 1 = 1) in FIG. 18 corre 

sponds to a two-dimensional diagram showing the data 
blocks of one column (= 1) at the leftmost position of 
the set of data in FIG. 17. The next set of data (r=3 
o=2, l=2) is a two-dimensional diagram showing the 
data blocks of one column (I=2) at the leftmost position 
of the relevant data block in FIG. 16. Likewise, a set of 
data (r=5, o=3, l=3) and a set of data (r=7, o= 4, 
l=4) are shown in FIG. 18. 

In the reading operation, every six samples of the 
chip numbers 1 to 6 in the vertical direction are read out 
in parallel from the six memory chips. In this case, as 
respectively shown in FIGS. 16, 17, and 18, after thirty 
two sampling data were read out in the vertical direc 
tion, the chip number of the sampling data of the 32nd 
memory chip and three continuous dummy sampling 
data are added. Therefore, when the reading operation 
is shifted from the set of data (r=1, o= 1, 1 = 1) to the set 
of data (r=3, o=2, l=2) by the address control for 
deshuffling, the color difference data U is read out of 
memory chip number 6, as indicated by the arrows in 
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14 
FIG. 19, because the dummy sampling data of the chip 
numbers (3, 4, 5) exists. 

Next, when the color difference data U and dummy 
sampling data are read out in the vertical direction, the 
luminance data Y1 of the memory chip number 5 in the 
set of the same data is read out, because the dummy 
sampling data of the memory chip numbers (2, 3, 4) 
exists. When the luminance data Yi and dummy sam 
pling data are read out in the vertical direction, the 
luminance data Y2 of the chip number 4 of the set of 
data (r=1, o= 1, l= 1) is read out. Subsequently, the 
data is similarly read out in accordance with the se 
quence indicated by the arrows in FIG. 19. When the 
luminance data Y2 of the set of data of (r=3, o= 2, 1-2) 
and the dummy sampling data of the chip numbers (4, 5, 
6) are read out in the vertical direction all three data sets 
(r=1, o=1, = 1), (r=3, o=2, l =2), and (r=5, o=3, 
l=3) are completely read out. The data of one horizon 
tal interval 1 H is read out in accordance with the se 
quence shown in FIG. 19, so as to coincide with the 
inherent sequence of the digital color video signal as 
accurately as possible within l H. However, as the 
reading sequence of three data sets, various modifica 
tions other than that shown in FIG. 19 are also possible. 
The sum of those three data sets is the data 

(30x4x3 =360 samples) of 1 H which is recorded/re 
produced by one rotary head. In the case of a unit of 1 
H, the read data is obtained on the basis of the sequence 
that is coincident with the sequence of the digital color 
video signal because of the foregoing reading operation. 
The inherent sequence of the digital color video signal 
within 1 H is (Y1-U-V-Y2) for every set of data. 
Therefore, the data of six samples read out in parallel 
from the respective memory chips is converted into the 
serial data by the serial-parallel converter and there 
after converted into the data having the inherent Se 
quence of the data within 1 H by a memory having a 
relatively small capacity. Because the dummy sampling 
data is unnecessary, it is not used in the output of this 
small capacity memory. 

Because the reading operation based on the sequences 
of FIGS. 18 and 19 is executed for every three data sets 
of 1 H, in the case of the data set (r= 10, o= 10, 1 = 10), 
one set is constituted by this set and two data sets (r= 1, 
o= 1, 1 = 1) and (r=3, o=2, l = 12). In such case, the 
process similar to the above is applied. 
By adding three dummy sampling data in the forego 

ing deshuffling process, data which was deshuffled in 
accordance with a sequence that is extremely similar to 
the inherent sequence of the digital color video signal 
can be obtained. 
Even more detailed embodiments of buffer memory 

11 are described with reference to FIGS. 20A and 20B, 
which show the circuits in which a dynamic RAM is 
used as the buffer memory 11. 

First, referring to FIG. 20A, the input data is supplied 
through eight serial-to-parallel (S/P) converters 334', 
33B', . . . , 33H to a buffer memory 11a to store the 
digital video signal. The output data of the buffer mem 
ory 11a is taken out through eight parallel-to-serial 
(P/S) converters 334", 33B', . . . , 33H'. 
The input data consists of eight parallel bits of one 

sampling data and is sequentially supplied, one bit by 
one bit starting at the most significant bit, to the S/P 
converters 33A' to 33H through input terminal 18. The 
data of fifteen parallel bits is formed for every corre 
sponding number of bits of the same sequence, and the 
output data of fifteen parallel bits of the buffer memory 
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11a is converted back into serial data by P/S converters 
334' to 33H', respectively. Thus, the output data of 
eight parallel bits is obtained from the output terminal 
25 of memory 11a, 
The error flag of one bit from the inner code decoder 

10 is supplied at input terminal 22 through a latch circuit 
35 to a flag memory 11b to store the error data. The 
error flag read out of the flag memory 11b is taken out 
at an output terminal 37 through a latch circuit 36 and 
supplied to outer code decoder 12 together with the 
data read out of buffer memory 11a from terminal 25. 
The write clock fed in at terminal 38W and the read 

clock fed in at terminal 38R are supplied to a memory 
control circuit 38. Further, the reproducing modesignal 
fed in at terminal 19 is fed to memory control circuit 38. 
The reproducing mode signal becomes, for example, a 
high level in the ordinary reproducing mode in which 
the tape speed upon recording is equal to the tape speed 
upon reproduction and, in the slow motion reproducing 
mode, in which the tape speed upon reproduction is 
slower than the tape speed upon recording. On the 
contrary, the reproducing mode signal becomes, for 
instance, a low level in the case where the tape speed 
upon reproduction is faster than the tape speed upon 
recording. 
Memory control circuit 38 generates address data 

(ADD), a row address strobe signal (RAS), and a col 
umn address strobesignal (CAS), which are common to 
the buffer memory 11a and flag memory 11b. The mem 
ory control circuit 38 also generates a write enable 
signal WE for buffer memory 11a, a write enable signal 
AWE for flag memory 11b, and a latch pulse. The write 
clock is synchronized with the input data and is formed 
from a reference clock. Therefore, the time base varia 
tion component is removed by buffer memory 11a. 
Although not specifically shown in FIG. 20A, the 

reproduction address for every sync block BS is sup 
plied to memory control circuit 38 and the write ad 
dress is determined on the basis of this reproduction 
address. Memory control circuit 38 controls one or both 
of the write address and read address, thereby executing 
the conversion from the inner code sequence into the 
outer code sequence and the deshuffling, and such ad 
dress control is commonly performed for the buffer 
memory 11a and flag memory 11b. Thus, each sampling 
data and error flag of the output data are synchronized 
with each other. 

FIG. 20B shows a buffer memory system represent 
ing another embodiment of buffer memory 11, in which 
the same parts and components as those shown in the 
buffer memory 11 of FIG. 20A are designated by the 
same reference numerals and their descriptions are 
omitted. Referring to FIG.20B, a first flag memory 11b 
and a second flag memory 11c are provided to store 
error data as the flag memories. The one-bit error flag 
from latch circuit 35 is supplied to first flag memory 
11b, and the error flag read out of the flag memory 11b 
is supplied to a latch circuit 36b through a selector 36a. 
The N/O flag is supplied form memory control circuit 
38 to latch circuit 35. The error flag fed out at output 
terminal 37 from latch circuit 36b is supplied to the 
outer code decoder 12 together with the data read out 
of buffer memory 11a. The error flag read out of second 
flag memory 11c is supplied as the other input of the 
selector 36a. In this embodiment, a field identifying 
signal fed in at terminal 19 is fed to memory control 
circuit 38, and this field identifying signal consists of a 
reference field identifying signal on the readout side of 
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buffer memory 11a and a reproduced field identifying 
signal based on the field address separated from the 
reproduced data. When the operation is shifted to the 
next field by the reference field identifying signal, selec 
tor 36a selects the error flag which is read out of second 
flag memory 11c in place of the error flag, which is read 
out of first flag memory 11b. 
When the reproduced field identifying signal in 

structs a shift to the different field during one scan of 
rotary heads 7, selector 36a selects the error flag, read 
out of first flag memory 11b in place of the error flag 
read out of second flag memory 11c. Therefore, in the 
slow-motion reproducing mode, in the first field, the 
error flag read out of flag memory 11b is selected by 
selector 36a. Next, the error flag read out of flag mem 
ory 11c is selected by selector 36a for the period when 
the data of the same field is reproduced. 
On the other hand, in the standard reproducing 

mode, after an expiration of one field period, the repro 
duced data of the next different field is generated, so 
that the error flag which is read out of first flag memory 
11b is always selected. Further, in the high-speed repro 
ducing mode, the data of a different field is reproduced 
by one scan, so that the error flag which is read out of 
first flag memory 11b is also always selected. The error 
flag selected by selector 36a is supplied to latch circuit 
36b and second flag memory 11c. 
Memory control circuit 38 generates the address data 

(ADD), row address strobe signal (RAS), and column 
address strobe signal (CAS), which are common to 
buffer memory 11a and flag memories 11b and 11c. 
Memory control circuit 38 also generates the write 
enable signal WE of buffer memory 11a, the write en 
able signal AWE of flag memories 11b and 11c, and the 
latch pulse. 
The operations of the buffer memories of FIGS. 20A 

and 20B are described with reference to FIG. 21, in 
which A represents a timing signal used to specify the 
read cycle (R) and write cycle (W). Waveform B shows 
the timing of the addresses ADD that are supplied to 
the buffer memory 11a and flag memories 11b and 11c. 
In that regard, the column address is first set and the 
row address is then set, and waveform C shows the row 
address strobe signal RAS and waveform D shows the 
column address strobe signal CAS. 

Buffer memory 11a performs the reading operation 
when the addresses ADD are specified, the address 
strobe signals RAS and CAS are sequentially set to a 
low level, the column address and row address are 
sequentially read, and the write enable signal WE goes 
to a high level. Buffer memory 11a executes the writing 
operation when the address strobe signals RAS and 
CAS are sequentially set to a low level, the addresses 
are read, and the write enable signal WE goes to a low 
level. Although the writing and reading operations of 
flag memories 11b and 11c are also executed in a manner 
similar to the above, they are controlled by another 
write enable signal AWE different from that of buffer 
memory 11a. 
Waveforms E and F of FIG. 21 show examples of the 

write enable signals WE and AWE in the ordinary 
reproducing mode, respectively, present in the embodi 
ment of FIG. 20A. The write enable signal WE shown 
in waveform E always goes to a low level in the write 
cycle. Therefore, the input reproduced data is sequen 
tially written into buffer memory 11a. 

In waveform as shown at reference numerals 39a and 
40a, the write enable signal AWE of flag memory 11a 
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goes to a low level immediately after the error flag of 
the designated address is read out. Then the error flag 
representing that the error exists in this designated ad 
dress is written. If the data that is written into buffer 
memory 11a for interval 39b when the write enable 
signal WE is at a low level has no error, the error flag 
indicative of no error is written into flag memory 11a 
for an interval 39c when the write enable signal AWE is 
at a low level, then the error flag is rewritten. 
On the other hand, if the data which is written into 

buffer memory 11a for an interval 40b has errors, the 
write enable signal AWE is held at a high level for an 
interval 40c and the error flag is not rewritten. In this 
manner, in the ordinary reproducing mode, as well as in 
the slow-motion reproducing mode in which the data of 
the outer code block BO is reproduced for a few fields, 
both the data from the inner code decoder 10 and the 
error flag are written into buffer memory 11a and flag 
memory 11b. 

In FIG. 21 waveforms G and H show examples of the 
write enable signals WE and AWE in the high-speed 
reproducing mode, respectively. In a manner similar to 
the case in the ordinary reproducing mode and slow 
motion reproducing mode, in the high-speed reproduc 
ing mode the error flag is written into flag memory 11b 
after the data is read out of buffer memory 11a, so that 
it is indicated that the data of that address was previ 
ously reproduced. In addition, the error data is not 
written into buffer memory 11a, but the data having no 
error is written into buffer memory 11a, the error flag 
indicative of no error is written into flag memory 11b, 
and the error flag is rewritten. The data and error flags 
respectively read out of buffer memory 11a and flag 
memory 11b are not subjected to the error correcting 
process by outer code decoder 12 but are directly sup 
plied to the error concealment circuit 13, by which the 
error concealment is executed. 

In the embodiment of FIG. 20B, the write enable 
signal WE shown in waveform E of FIG. 21 goes to a 
low level in the write cycle in the case of data having no 
error. Therefore, the input reproduced data having no 
error is written into buffer memory 11a. As shown in 
waveform F, the write enable signal AWE of flag mem 
ories 11b and 11c is set at a low level immediately after 
the error flag of the designated address is read out. The 
error flag representing the presence of the errors is 
written into the designated address of flag memory 11b 
through latch circuit 35, and the error flag read out of 
flag memory 11b through selector 36a is written into the 
other flag memory 11c. Therefore, the error flag of flag 
memory 11b is copied into flag memory 11c. In the case 
where the data that is written into buffer memory 11a 
for the low-level interval has no error, the error flag 
indicative of the absence of error is written into flag 
memory 11b for the interval when the write enable 
signal AWE in the write cycle is at a low level, and the 
error flag is rewritten. 

In the slow-motion reproducing mode, selector 36A 
selects the output of flag memory 11c upon reading of 
the same field at the second and subsequent times. Thus, 
the error flag copied into flag memory 11c is repeatedly 
outputted for every field. 
Assuming that the memories of the fields provided in 

buffer memories 11a are denoted as FM1, FM2, and 
FM3, respectively, when the tracks T1 and T2 in FIG. 5 
are scanned, the reproduced data of the preceding field 
Fo which was reproduced by the former half part of the 
scan is written into the field memory FM3, and the 
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reproduced data of the next field F1, which was repro 
duced by the latter half part of the scan, is written into 
the field memory FM. For the interval from the last 
half parts of the tracks T1 and T2 to the first half parts of 
the tracks T11 and T12, the reproduced data of the field 
F1 is written into the field memory FM1 and at the same 
time, the data of the field Fo is read out of the field 
memory FM3. For the interval after the last half parts of 
the tracks T11 and T12, the reproduced data of the field 
F2 is written into the field memory Fm2 and at the same 
time, the data of the field F is read out of the field 
memory FM1. In a manner similar to the above, the 
above operation is repeated. 

In the slow-motion reproducing mode in which the 
speed of the magnetic tape is, for example, of the 
recording speed, it takes a time that is twice as long as 
in the standard reproducing mode in order to reproduce 
the data of the field F1. Therefore, for the interval of 
those two fields, the data of the preceding field Fo 
stored in the field memory FM3 is repeatedly read out. 
The selector 36a selects the error flag read out of flag 
memory 11b in the first reading operation of the data of 
the field Fo from the field memory FM3. In the next 
second reading operation, selector 36a selects the error 
flag read out of flag memory 11c and, because the field 
of the reproduced data changes upon scanning of the 
tracks T11 and T12, selector 36a selects the error flag 
from flag memory 11b. 
The present invention is not limited to a digital VTR 

of an individual component system, but may be also 
applied to the digital VTR of the composite system, as 
well as to other apparatus using other similar error 
correction code techniques. 
The invention can be also applied to an apparatus for 

decoding an error correction code in which the code 
sequence is orranged in the oblique direction of a two 
dimensional arrangement of the data. The error correc 
tion code is not limited to the Reed-Solomon code but 
various other kinds of correction codes and such as 
b-adjacent code, BCH code, which are conventionally 
known may also be used. 
According to the present invention, by providing a 

memory to rearrange the inner code sequence into the 
outer code sequence between the decoder of the inner 
code and the decoder of the outer code, it is possible to 
execute the rearranging process using a memory of 
capacity only as large as is necessary to recover the 
video data in the variable speed reproducing mode. 
Therefore, there is no need to provide a memory for use 
only in the data rearrangement, with the result that the 
memory scale can be reduced and the number of periph 
eral circuits of the memory can be decreased. 

In addition, according to this invention, by use of the 
memory of a large capacity necessary to recover the 
video data in the variable speed reproducing mode, 
there is no need to provide a memory for use only in the 
deshuffling process. Thus, the necessary capacity of the 
memory and the number of peripheral circuits of the 
memory can be also reduced. 

Further, according to,the invention in the case where 
the data of one field is obtained from a plurality of 
scanning operations by the rotary heads, as in the slow 
motion reproducing mode, the error correction can be 
executed using the outer code, so that a good repro 
duced picture quality can be obtained. 

In the case of providing a plurality of memory chips 
in parallel in the memory to solve the drawback in 
which the processing speed of the memory is slow, by 
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providing a predetermined number of dummy data 
upon either one or both of the writing and reading 
operations, the simultaneous access of the same memory 
chip can be prevented. 

In addition, according to this invention, by writing 
the error data into the buffer memory in the ordinary 
reproducing mode and the slow-motion reproducing 
mode, this error data can be corrected by the outer code 
decoder at the next stage. In this way, the error correct 
ing capability can be improved 
According to this invention, when the reproduced 

data is read out of the buffer memory, the flag is read 
out together with the data and the next flag that is read 
out immediately after that is changed to the flag indicat 
ing that the readout reproduced data is the preceding 
reproduced data. Therefore, it is possible to prevent 
deterioration of the reproduced image due to a mixture 
of the preceding reproducted data. On the other hand, 
according to the invention, the readout flag is written 
into the second flag memory and the auxiliary flag from 
the second flag memory is used as the flag when the 
data of the same field is read out two or more times. 
Thus, it is possible to prevent the problem such that all 
of the flags of the data read out at the second subsequent 
times indicate the preceding reproduced data. 
The above description is presented on preferred em 

bodiments of the invention, but it will be apparent that 
many modifications and variations can be effected by 
one skilled in the art without departing from the spirit 
and scope of the novel concepts of the invention, which 
should be determined only by the appended claims. 
What is claimed is: 
1. Apparatus for decoding an error detecting/cor 

recting code that is derived from digital information 
data and redundant data used for detecting/correcting 
the information data, in which the digital information 
data and redundant data are reproduced by a playback 
unit at selectably normal and variable speeds from a 
record medium, comprising: 

first decoding means responsive to said digital infor 
mation data and said error detecting/correcting 
code for decoding said error detecting/correcting 
code and generating therefrom flag data indicating 
errors in said digital information data and cor 
rected digital information data; 

first memory means connected for storing said cor 
rected digital information data; 

second memory means connected for storing said flag 
data; and 

control means connected to receive a mode signal 
indicative of a selected speed of the playback unit 
for producing contorl signals fed to said first and 
second memory means, said control signals being 
operative when said mode signal indicates the nor 
mal playback speed to control said first and second 
memory means to have written therein said digital 
information data and said flag data, respectively, 
and said control signals being operative when said 
mode signal indicates a variable playback speed to 
control said first and second memory means to 
have written therein said corrected digital informa 
tion data and said flag data, respectively. 

2. An apparatus according to claim 1, wherein said 
error detecting/correcting code constructed from said 
digital information data is arranged in a matrix form, 
with first redundant data forming a first error detecting 
/correcting code for detecting or correcting error of a 
first series of said digital information data in a first direc 
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tion of said matrix, and second redundant data forming 
a second error detecting/correcting code for detecting 
or correcting error of a second series of said digital 
information data in a second direction of said matrix, 
the digital information data, first redundant data and 
second redundant data being reproduced from said 
record medium by the playback apparatus, in which 
said first decoding means decodes said second error 
detecting or correcting code, and said first memory 
means stores said digital information data and first re 
dundant data subjected to the decoding in said first 
decoding means for outputting said digital information 
data and first redundant data arranged in said first series 
of said first error detecting or correcting code; and 
further comprising second decoding means provided 
with said digital information data and first redundant 
data from said first memory means for decoding said 
first error detecting or correcting code. 

3. Apparatus for decoding an error detecting and 
correcting code produced from digital information data 
reproduced from a record medium by a playback unit 
selectively operable in normal and varied playback 
speed modes, in which a speed signal indicates the se 
lected playback speed mode and the code is a produce 
code formed of an inner code and an outer code, com 
prising: 

an inner decoder responsive to said digital informa 
tion data and said error detecting and correcting 
code for decoding the error detecting and correct 
ing code and producing decoded digital informa 
tion data and error flag data indicating error condi 
tions of the digital information data; 

a memory means connected to have written therein 
said decoded digital inforamtion data and said error 
flag data; 

memory control means operably connected to said 
memory means and responsive to said speed signal 
for controlling writing and reading of said decoded 
digital information data and said error flag data 
into and out of said memory means; and 

an outer decoder connected to said memory means 
for decoding the digital information data and the 
error flag data from said memory means for pro 
ducing an error corrected digital information sig 
nal, in which all errors of an extent determined by 
said inner and outer codes are corrected. 

4. Apparatus according to claim 3, further comprising 
error concealment means connected to said outer de 
coder for concealing errors in said error corrected digi 
tal information signal greater than said extent deter 
mined by inner and outer codes. 

5. Apparatus according to claim 4, in which said error 
concealment means comprises interpolation means for 
concealing errors by interpolating a correct value of 
data based on adjacent correct data. 

6. Apparatus according to claim 3, in which said 
memory means comprises a buffer memory and an error 
flag memory and said memory control means operates 
in response to an indication of the normal playback 
speed to control said buffer memory to have written 
therein only correct decoded digital information data 
and to control said error flag memory to have said error 
flag data written therein. 

7. Apparatus according to claim 3 in which said mem 
ory means comprises a plurality of memory chips con 
nected as a plurality of parallel channels for storing data 
from a serial-to-parallel-to-serial converter receiving a 
serial decode digital information signal from said first 
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encoder, each of said memory chips being controlled to 
read/write data from said serial-to-parallel-to-serial 
converter by a control signal from said memory control 
CaS. 

8. Apparatus according to claim 3, in which said 
memory means comprises a buffer memory and first and 
second error flag memories and said memory control 
means operates in response to an indication of a varied 
playback speed mode corresponding to a slow-motion 
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playback for controlling said first error flag memory for 
storing error flag data indicating data already read and 
for controlling said second error flag means for storing 
error flag data from said first error flag data from said 
first error flag memory, whereby during the slow 
motion mode data in said buffer memory is repeatedly 
read out and error flag data in said second error flag 
memory is read out. 
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